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YAK 535.3 


Abstract 

In the case of local nonlinearity the stationary self-focu- 
sing of the Gauss wave beam is considered in a nonhomogeneous 
medium. Equations of the absorptionless approximation for the 
beam width, the field on the beam axis end the refraction factor 
are integrated on a computer. Investigation is carrid out for 
the self -focusing in dependence of the nonlinearity level, the 
initial divergence, the dissipation, the length of nonhomogeneity 
of the dielectric permeability nondisturbed by a beam, and the 
diffraction parameter. 


AHHOTAIMH 


cjiyvaa noKamHoft nem&aMocm paccMorpeHa cTamHOHjyafran 
cawo$OKye^poBKa rayccoBCKOro BOJmoBoro nyqKa b Hepja«5poHHOft 
opene . ypaBH6HH«^de8a<3eppamioHHoro npH&nnpffirSww dihphhh nyq- 
sa, noun he och ny^Ka^HncMsaTMs^HpanoMJieHiiH HHTerpHpyurcH 
Ha 3BM. B TOCneHHOM 3KcnejjHM?STe HCCJienoBHHa sasHCHMOcTB caMO- 
$OHyCHpOBKH OrypOBH5f^H6JIHHeaHOCT» >v Ha'iajI£HOfi paCZOJQDfOCTH, BO- 
JZHHHHH mteri firrarpm , jyiHHH HeOflHOpO^HOCra~BBB©3i^njeHHOS nyHKOM 
SKTpHHecKofl npoBHQaeuocTH h napaMeTpa 


KamaeBue cnoBa: bouhoeoS cynoK, caMO^OKycnpoBKa, HeonHopofl- 
Haa cpena, rjiydraa npoHHKHOBeHUH , KOHeqHO- 

— pa3 HOCTHHfi MeTOfl. 
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EBE2EHHE 


PemeMHe pn^a Haytmo-TexHirqecKHx npocSjieu h6b03mosho de3 BcecTo- 
poHHeeo HSjroeHHa Hejumefeoro B3 azMojie ftc tbot h caM0B03BettcTBna Mom- 
hhx noTOKOB nsJiy^SHKfl b OTaneKTpHKax H-ra3ax. OosTOMy He cjiyqaH- 
ho b nocJiejtHHe rojw k 3toH odnacra HCCJienoBaHHft npoHBJweTCH Oojib- 
raoil HHTepec(cM. .HanpaMep, 1^3 ). K HHCJiy saMenarejiBHKX npojmne- 
hhB caM0B03BeftcTBM <5e3ycjiOBHO othochtch caMO$OKycapoBKa nyqKOB 
SJieKTpOMaTHHTHHX BOOT CyTB 3T0r0 HBJieHHH 3aXOT)HaeTCH B 

tom, hto nofl aeftcTBHeM hoot nyBKa cpeOTue napaMeTpa cpeflH H3Me- 
HHBTCH TaKHM Odpa30M, HTO B03HHXB6T HejIHHeflHafl pe$paKtOM JlyHeft 
k och nyHKa z KOMnpeccM ero b nonepeqHoB hhockocth. B pe3yjn>Ta- 
Te coiviacoBaHHoro cxoxaeHHH jiyaeft nepBOHanaOTHO tojicthS bootoboB 
njmoK cxmaaeTCH b cBepxTOHxyn hhtb, b npejiejiax Koropofl hjiothoctb 
aHeprrai 3 JieKTpoMarHHTHoro hoot B03pacTaeT Ha HBa h donee nopan- 
KOB BeOTOTHH. 

K HacTonmeMy BpeMeim caMoqjoKycvtpoBKa bojihobux nyaxoB b ooto- 
Poothx cpeaax rayqena aocTaToano nojpodHO (cm., HanpsiMep, odaop- 
Hue cTaTBH l 1-3 ]). Oothko b peanBHHX ycjioBHHX, b qacTHOcra b 
jiadopaTopHoft z HOHoo$epHOfl nxa3Me, pacnojioxeHxe TpaccH pacnpocr- 
paHeHM bootoboto nyHKa odurao cymecTBeHHO shbhcht ot pacnpeaejie 
hhh rparoteHTOB iuiothocth, TeMnepaTypH z npyrax napaweTpoB. B 

CBH3H C 3THM BaXHO 3HaTB, KBKHM OdpaaOM HeOOTOpOOTOCTB MOXeT 

bothtb Ha xapaireep pacnpocTpaHeHHH caMO$OKycnpy«mHxcfl bojihobhx 
ny^KOB. B OTJtKOTe ot cjiynaH ootopoothx cpes, Teopan caMo$OKycH- 
poBKH bojihobux nyHKOB c yaeTOM HeoflHoponHOCTH $axTHBecKH eme 
tojibko pa3pa0aTHBaeTCH , hto OTaacni odycjiOBJieHO 3HaHHTej» 

HUMH MaTeMaTHHeCKHMH TpyjHOCTHMH aHSJIHTHHeCKHX paCHeTOB, TaK KUC 
3anana cboottch k pemeHHD HeOTHefiHux ypaBHeHHfl c 3 aBHcamHMH ot 
npOCTpaHCTBQHHHX KOOpOTHaT H, BOOdme rOBOpsH, BpeMeHH K03$$HHHeH- 
TaMH. B HacToaajeM npenpaHTe cjieaya padoTe OTCJieHHO rayaem 
caMo$OKycnpoEKa BOOToBoro nyroa, pacnpocTpaiwnneroca b HeojHO- 
PootoB cpejie b^oot rpajajieHTa zciBJieKTpxHecKOft npoHimaeMOCTB. Bbh- 
,ny cjiokhocth sajiaOT 3necB paccMOTpeH HandoJiee npocTOit cjiynafl 
CTaTHBeCKOft HejMHeJtHOCTH H CTaUHOHapHOfl CaMO$OKyCHpOBIOT. He - 
cjiejyreTCH BaBKCiroiocTB bothh caMOff)OKycnpoEKn ot xapaKtepHoro 



4 

npocTpsHCTB6HBoro uacmrada HeoaHopoaHocra L , noraonjeHZH saep- 
nm uyHKa h npoxoxaeHHe ero b odaacTt , Henpo3pazHyD ana boot nia- 
Jioft aMiuiHTyflH. OcScysaaeTca bo3MQxhoctb BoaHOBoaHoro pacnpocTpa- 
HeHM nyaxa b HeoaHopoaaoft cpeae h 3 aBHCHMOcTB agieKTa ot cTene- 
HH HftOTIHeflHOCTH. J ~' 


I. OcHOBHue ypasHeHHa. 

B CKaJiapHoS aaaaae cTaazoHapHaa caiio^oxy capos xa nyaxoB ajieKT- 
poMarHHTHHX boot uoxeT <3 htb zccjieflOBaHa b paMxax cxeaymero ypas- 
H6HEH aaLranmqecKoro Tana ana KowcuieKCHOft aunOTTyau anexrpiizec- 
Koro nojia Efz.xJ 

+ * «.* £(*,&*) E =0 , 

(I.I) 

rae £ = + i £ £ , 3aBHca®aa ot npoaoaBHOfi KOoparaaTu z h 

hoot BOOTOBoro nyaxa , KowuiexcHaa axanexTpiraecxaH npommaeMocTB 
HeoaHopoaHOft imasuH c xapaKTepHHM nojzeM HeaHH etoocra E p , 
k d - u>/c ana nonepeOTHx . m .60 K 0 = cu/u Ta Vi ana JieHrMDpoBcxmc 
boot, to - aacTOTa, l/ Ta - TennoBa h ckopoctb aJieirrpoHOB. 

BuaeazM b BeaecTBeHHHe amnHTyay A x $a3y </> , 

T.e. E « .Toraa npH aKCHBOTHOft CHMMeTpHH BOOTOBO- 

ro nyaxa H3 (I.I) noJiyaxM ypaBHeaw ana aflxoHaaa h noTOKa anep- 


aA 

A 


( 1 . 2 ) 


&(fg) * ikforV - tfwr 


IlycTB <2 - nonepeaHHfl paauep bootoboto nyaxa, K„ = 
xapaKrepHoe npoaoubHoe BOOTOBOe xhcjio. Qpa ecTecraeHHOM ana boji- 
hoboto nyaxa ycaoBna Ik, a/ » f noae £ HueeT 0ani>inyD 
$aay </> , noaTomy pemeime (1.2) uoxeT <5htb noavnexo Meroaou 
reoMeipaaecKOfl odthkh, noao^Huu Z3aoxeHBOMy b ( W J . Kax oOunno 
b Teopax oajio$OKycHpoBKH tfyaeu cnuraTB nyaox ray ccobckhm . Yan- 
THBaa aBTOMoaeaBHH® xapaxTep cxaraa bootoboto nyaxa b npaoce- 
Bofl odaacTH noaoxmj 


AfZ.V = AMexpi- tJZa(z)} , 

*(*•*>) “ / ♦ 't.l'PM * ... , 

4 


( 1 . 3 ) 
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rae A c aMUjnrryfla iiojih Ha ocz nyiKa. BBefleM 3$$eimrBKHe noKa3a- 
Tejit npejiOMjieHHH ^g/'xJ - *,(x)/k 0 h eh puny nyHKa L(%) 

l h) - all) (i * U) ; W - 4 &( fgj . 

nojCTaBJMH (1.3) b (1.2) nojiyqaeM CHCTeMy CBnsaHHHx He^HHefl- 
hhx ypaBHeHHfi wih nmpuHH nyaKa l(z) , noRasaTejw npejioNUieHHH 
AYxj h iiojih Ha och nynna AJz) 

V’WJiivg ' ////•• 

^(4*1 \) = /ty ; /// + <?/^= Mf; . 

SflecL v = (A c /M t f 3 z/ 3CA 2 c ) xapaKTepH3yeT HejrBHetaidt 
Biuiafl b ah ajie KTpine CKyn npommaeMOCTL, ^ = (k c /a/^)£JA*) 
AeKpeMeHT 3aTyxaHHH, A = 1/k„ . 

CHCTeMa ypaBHeHHfi (1.4) HBJineTCH hcxoahoS aih >i3yaeHHH b <5e3- 
adeppamiOHHOM npHdjmxeHHH pacnpocTpaHeHM caMO$oKycHpyraqerocH 
BOjmoBoro nyaica. Hcho, hto b odnteM cjiynae npon3Ecm>HHx MeoflHo- 
poflHOCTH h HejiHHeftHOCTH oHa MOKeT (3 htb npozHTerpupoBaHa TOJEbKO 
HHCJieHHO. KoHKpeTH3HpyeM BHfl flHBJieKTpUfleCKOfi HpOHHflaeMOCTH H 
npo^Hflb HeoflHopoflHocTH . BosBMeii cjreflynqyn 3 aBHCHMOcTB HH3JieKTpn 
ne cko a npoHHuaeMocTH ot hojih nynica 

£%(A Z ) - 1 - n -ejx.)Jexp/-A*/E*} , (1.5) 

KOTopas xapaKTepirayeT nepepacnpefleneHiie naa3MH b HeoflHopoflHOM 
BHCOKonacTOTHOM nojie, npineM e 0 (i) JinHeSHaH flH3JieKTpnne cican 
npoHHyaeMOCTB. ika yflodcTBa HHCJieHHHx pacneTOB caeflyer nepefiTH 
k <5e3pa3MepHHM nepeMeHHHM. BBefleM (5e3pa3MepHHe lanpuHy nyroa 
V= lfx)/l 0 , paCCTOHHHe OT rUI0CK0CT2 HHKeKflHH nyHKa 
.t*Z/Lt H flHCCmaTHBKHfl $3KT0p W = ( AJEJ* (u*^/^) , 

onpeflejLHHUHfl noraomeHEe SHepnm BOjmoBoro nyHKa, roe £„ ■ sm- 
naHTyfla hojih Hynna b hjiockocth HHxeKUflH. 3aMeTHM, hto b oxcyr 
CTBHe flHCCHnaHHH ( £ t * 0) W = 1 . 

Tenept c yneTOM (1.5) czcTeMa ypaBHeroS (1.4) npeodpa3ye?- 
CH K BHfly 
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3fleCB 

^ = iecpI-L] ; Q=*i + . (I _ 7) 

SymapK 1ft) b (1.7) HBJweTCH 6e3pa3MepHofl iuiothoctbio 
aHepnra Ha och nymca 1 = (A < /E p f = (o( i 'WA/ 0 /u 2 N i ) . B 

$op«yjiax (1.6), (1.7) napaMeTpH of, , ot £ , oC s ehhhcjihdtch 
no "HanaJiBHHM" j^hhhm h xapaK?epH3y®T Bjnumne cooTBeTCTBeimo : 
HejiBHelteocTH at, = f£ m /£ p ) 2 , norjiomeHM o'* = (l 0 /€ ( / )/X 
h WcIpaKiijffl <x s - (k/l o ) 2 . HoKa3aTejn> npejioMHeHHH Ha och nyn 
Ka A/ t (t) naxojmtCR H3 ne^HHeteoro ypaBHeiniH 

Mi = 1 ' 2 d 3 /u 2 - /V - ejtljexp l-I(t)} , 

HeoflHOpo^HocTL ruia3MH BxojmT nepe3 jnmeSHyu OTBJieKTpuaecKyB 
npoHHnaeMocTB £„ ( t) , KoiopyiD b flaaBHegmeM cHHTaeM jnraetiHoii 
$yHKHHeii e„(t) = p 0 (1 -& 4 t) , rae ct^l 0 /L h L jymaa 
HeoflHopojCHocTH HeBO3MymeHH0g ncwieM nynica idiothocth ruia3MH. Ha- 
naJaHHe flamme k ypaBHeHHHM (1.6) = V/ = -f f 

M/= -f-2oC s - (f-pjexpi-aj , • (1.8) 

Kan BtiflHo H3 (1.8), Vg onpesejMeTCH "Haqajr&Hoft" pacxojcHMO- 
ctbb BcuiHOBoro nyana. 

npH oTcyrcTBHH aKCHaJiBHOg CHsmeTpHH BOjmoBoro nymca Hccaeao 
same ero caMO$oKycHpoBKn cymecTBeiiHO ycjiosHseTCH. Hanpm.iep, 
jtpi h nymca c ajoianranecKofi $opMOg nonepeqHoro ceaeHHH aMnmryaa 
h $asa b tfeaaPeppaiiHOHHOM npnAmmemm HMe®T bhh 

A U,y,z) = A c U)exp { -jfc } ; 9* fof&k * *%(z) - /$&*... 

TenepB npH catso$OKycHpoEKe nyHKa b odJiacra npo3panKocTH h 
( ffluioM norjionjeHHH ncuiyocz ajumica BBOJiBUHOHHpyBT coraacHO ypaB- 
HCHHflM 

da „ £8e x _ X 2 . dji A? _ X 2 

3 3 (A!) ~ a* ’ dr?* gJ(A*) S* ' ^- 9 ) 

rse dr? = dz/N t (i) 2 A* = ( a, i,N 0 /a SN t ) £ 2 . 

B dcuiee HarjiHnnoS $opiie chctbuh ypaBHemS (1.9) 3anHCHBae?CH 
npa nepexoae k nepeweHHHM: a = fFsinff , S = j?casS . $yHKmw 
7? xapaKTepH3yeT cxarae BOrooBoro nyroa b ne^iOM, a yraoBan 
nepeneHHaH 8 ( o < Q < n/2) onpejiaMeT aBOjroifftB Hapyme- 

hhh ancnajiBHOfi chmmstphh b pacnpeaejieHHH hhtshchbhdcth nynica 
b nonepennofi k HanpaEJieHHB pacnpocTpaneHM miocKOCTH ( ) 

B hobhx nepeMeHHHX ypaBHeHM (1.9) ®ia KydimecKoJt hsjihhsShocth 



npHHHMa®T Baa 
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rae 




2 Sty ; 


dS _ _ 2 a, S 0 E* J /fj\ 

"R 2 SirtQ cos 9 c/r^inj 1 


( 1 . 10 ) 



7 Jf43\*+ t / X s M,E* ) 

IdqJ fi? 2 sinQcotQ l linQcosB ° ° N t E 2 / 


B cayaae oaHopoaHoft cpeaa, Koraa M t = const , ypaBHemw 
(1. 10) aerito HOTerpapyroTCH [ I4 3 , nocKoaticy £ = <zonst 
IIpiiaeM caMocboKycnpoBKe OTBeaaeT bh(3op HaaaaBHHX aaHHHx, npa ko- 
topom £ < 0 , a noayoca aaaanca zcnHTHBasw KoaefiaHHa c yweHt- 

maHinpiMCa no Mepe npacSaiixeHHz k $0Kycy nepaoaoM ocnaaaauzfi 

B 0 < Q < (n/2)-8 0 • B HeoaHopoanofi cpeae ypaBHema (1. 10) 
moxho npozHTerpnpoBaTB aacaeHHO saaas npo$miB ^Cx) a 
HaaajrtHHe aaimue b imockocth zmeRnfm a„ , 8 a , da B /dz 0 , 
d6 e /d£ . 

XapaKTep bjdmhiw: HeoanopoaHocTH ycMaTpzBaeTca H3 ypaBaeHHa 
jyiH S(q) . Bhbho, bto npa aBaxeHaa bojihoboi*o nyroa b cto- 
poHy yMeHBnieHHH noKa3aTeaa npeaoMaeHax S/^z), $yHKtcaa £(q) 
ydHBaeT k, caeaoBaTeaBHO, coraacHO ypaBHerano ana f? (q) caMO$o 
KycapoBKa nyaaa ydacTpaeTca. B odparaoM cjiyaae - amseHaa nyana 
b CTopoHy pocra cawo^oKycapoBKa 3aweaaaeTca. 


2 . CAMOSOKyCHPOBKA BOJIHOBOrO n/HKA B OEJIACTM nP03PAHH0Cra 


PaccMOTpzM BHaaaae aHaazTHaecKZ pacnpocTpaHeHze cawoftoKycapy 
raqeroca BcwmoBoro nyaaa b HeoaHopoaHofi cpeae b odaacra: npo 3 paa- 
hoctz . CazTaa 3 aTyxaHne HecyaecTBeHHHM BupasaM amraiTyay bojiho- 
Boro noaa aepe 3 noKa 3 aTeat npeaowaeHEH h mapany nyaaa. 

A c = ( E 2 l\N, /Z*/V, ) . npa caMoioKyczpoBKe nyaaa b cdaacTZ 

npo3paaaocTa aa aocTaToanoM yaaaeHaa ot noBepxHOCTH oTcearai 
HeJiaHe ftayto aacTB OTBaearpaaecKoft npoHaqaeMOCTH b noaaaaTeae 
npeaoaureHKH moxho He yazTHBaTB a roraa - Ae 0 (z) ' . Te- 

neph b Haadojiee aacTo BCTpeaaEqeMCH cayaae KydaaecKOfi HeazHefi- 
hocth, Koraa £, = eJz) + (A c /E p f, H3 (1.4) noayaaeM caeay®- 
njee ypaBHemie TfflR Ce 3 pa 3 MepH 0 ft raapaHH nyaaa f = l/i a 



1 f K 





( 2 . 1 ) 
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3neci, = dz/L 0 Nj£) 6e3pa3MepRaH KoopjotHaTa, f -0 

mockoctb HHseicmm BOjiHOBoro ny^JKa, N 0 = N t (0) . ypaBHe- 

HHe (2.1) onHCHBaeT H&rcHHefettfi ocixkamtop h b cjiynae osHoposnoft 
cpejw, Korja Al t = const , nHTerpapyaTCH 3JieM6HTapHO (cm., 
HanpHMep, t^l), npaaeM nyqoK caMaJOKycapyeTcn, earn b euiockocth 
HHSCeKCHH ypOBeHB HSJIHESitHO cth Bume nODOrOBOft 



B HeoanopoOTofi cpese noKa 3 aresi> npexomemsi N t 3 aB 0 cnT 
or KoopsanaTu t(Z) , ^ f0 woxe t npmecm, b 'lacTHocTH , k 
H 3 M 6 H 6 HHS} cooTHoniSHHH Messy sa^pamae# a HBjiHHeftHOCTBio no Mepe 
pacnpocTpaHeHM BOjmoBoro nyaica. Ecjm nyaojc pacnpocTpaHneTca 
b CTopoHy pocTa tmoTHOCTH ima 3 MH, noKa 3 aTejn> npejiOMJiSHHH Njg) 
ydHBaeT a, KaK HeTpysHO ycMOTpeiB H 3 ( 2 . 1 ), Bjuias HeJnmegHOcra 
no cpaBHeHHB c aa^paKnaeg yBejnrniBaeTCH. CjienoBaTejiBHO, caMO$OKj 
CHpoBKa nyaaa ycKopKTejin. Ecuiee toto, KOjumMapcmaHHHii nyaoK c 
itaJiHM ypoBHeM HaaajiBHoft nejiHHefiHOCTH d m < £ P %/l 0 3 a 
noBepxHOCTBB jYj, < ^(Eml'/S-pX-) 2 3 axBaTHBaeTCH b pejtHM 

caMO$OKycnpoBKH. HaodopoT, npa pacnpocTpaHemof nynica b cropo- 
Hy pocTa noKa 3 aTe;w npenoctneHaa Biman HejmHetaocTH 

no cpaBHeHHB c sa^paioiaeft yMeHBmaeTca. B pe 3 yjn>TaTe wrana cawio- 
$OKy cHpOBKH yBejnpiHBaeTCH, a sase MoseT npoH 3 ottra cpro pesaMa 
caMO$OKy cnpoBKH , ecjm HejameftHocTB ynaseT rarae noporoBoro ypoB 
HH. 

Opa np0H3B0JIBH0ft 3aBHCHM0CTH N t OT KOOpUHHaTH TOHHOe pe- 
meHHe ypaBHeHM ( 2 . 1 ) Hea3BecTHO. QaaaKo moxho yaaaaTB Kjiacc 
npo$HJe(t dji) , N 2 (g ) , KOTopae c oshoA CTopomr OTpasaoT 

xapeKTepRHe csynaa pacnpocTpaHeHan BOjmoBoro nyana b Heosnopos - 
Hofl cpeae, a c jjpyroft - sonycaanT npeoCpaaoBanae (2.T) k aBTO- 
HOMHowy ypaBHeHHB a ocHOBHue cBOficTBa pemenafi jierao ycTaHaB- 
JffiBaBTCH H3 flOBOJIBHO UpOCTOfi CTpyKTypH $a3 0BOg IMOCKOCTH. Ila- 
paMeTpinecKH yKa3aHHKg KJiacc npaSajieS djz) 3asaeTCH ypaBHe- 
HHHMH £„ = ( dl/L„dtf : 


zfg) = L 


W -It,, 


ds 


(r-ofr-s)* 


( 2 . 2 ) 


/ l_ /p ! \ 2 

r ^e T t ’ T = onpenajmer 

cooTHonenze Messy sa^paKuaefl a HenzBeSHocTBD b ohockocth hh- 



seKujra, L - xapaKTepHHfi MacmTad HeoflHoposHOCTH, 6 - BenjecTBeH- 
H06 HHCJIO, CBH3aHH0e C KpyTH3HOS npO$HJIH £„[*), H 5 < . 

Mn 6 = -I 'mcjiemoe mrerpupoBauHe ypaBHemn (2.1) npoBe- 
aeHo b padoTe I 8 ]. 

C nOMOUPbffl HOflCTaHOBKH 

= KM e *P i - «+§) TJ ; T=-£ln(f- £/£„), 

ypaBHerae (2.1) npn 3aaaHH0M $opMyjio2 (2.2) npo$oe £ 0 (z) cbo- 
jjitch k y pas Henan Hejnraefeoro ocmuunrropa c TpeiraeM 

% - eg? - rf‘- ')* (2.3) 


2 WJ. die 


HaaaJiBHHe .namme k ypaBHeunn (2.3) maeiOT bhb 
v _ KO) 

— — ■ / _ — / / • *zr / A. t ^ 

r L 0 di 

r^e Y = d X /dT . 

PaCCMOTpHM $330ByBD IDIOCKOCTB ypaBHeHHH (2.3). IlyCTB f > 1 1 
T.e. b ruiocKocTH HHseKiiBH BOjmoBoro nyroa HejnmeflHocTB canBHee 
OT$paKmm. TmnraHaH CTpyKTypa $a30B0ft imockocth h rpa$HK noKa- 
3aTejiH npejicMnemw npe^cTaBJiera Ha puc.I. OdJiacTB HaHambHHx 
^aHHHx (X 0 , Y„) , npn kotophx ny^OK ycneBaeT c^OKycapoBaTBca 
Ha jyniHe Heo^Hopo^HOCTH L , 3amTpnxoBaHa. 

PaCCMOTpHM cjiynafl 6 >2 , yKa3aHHH8 Ha pec. Ia. Ocodoft 
KpHBoft HBJweTCH csnapaTpHca Y,{X) c bchmiitothkoB npn 
X —* * c-=> 

K - (§-i)X*2ti 


&f±. 


X S ■- 

Hm HaaajtBHHx aaHHHX Y 0 < Y,(X 0 ) jyniHa caMO$OKycHpoBKH 

MeHBine juhhh HeojtHopoflHocTH L . BdJiH3H $OKyca nrapuna nyroa 
(no rjiaBHOMy qjieny pa3JioxeHHa) Kax h b ootopootoK iuia3Me H3Me- 
HH6TCH no 3aK0Hy 

npejaJiBHan pacxomuocTh nyvxa, onpeaejmeuax ycjiomeu Zf=L , 
paBHa 
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B odjiacTH 3HaHeraift napaf.BTpa - 2 
miocKOCTi. HweeT biw, npeflCTaMemorii 
<3aa Tonna ima cejyio 

Y c ~o > x c -(e, 


< S < 2 
na pnc.Id. 


$a30Ban 

CynjecrByeT oco- 




Upoxoflantue aepe3 Hee cenaparjsicu hb jiswtce acHMnTOTHKaMH imrer- 
pajaHux KpiiBux npa X -** o* 3 h X 0 . Kan h mme ohh 

onpexejuwr npejjejiBHyro nanajibHyio pacxoaHMocTB nyvca. 

I Uh 6<-2 $a30BHfi noprpeT ypaBneHM (2.3) noKa 3 an Ha pnc. 
Ib. BaatHO OTMeTHTB, HTO 6 ;iaro.napH OHCTpoMy yMemmeHmo rpynnoBOil 
cKopocra BOJiHOBoro naneTa caMO^oKycupoBKa nyai<a npoHcxojoiT b 
npeaejiax whhh HeoflHopoaHocTH L jyw jtoOux HanaJiBHux aauHtnc . 

OOmHft bhbob H3 H 3 JioHeHHoro coctoht b tom, hto napaMeTpu BOJI- 
HOBoro cynna h cpenn b iuiockocth nHseKipm onpeaejintoT HeKOTopuit 
xapaKTepHult MacmTaO HeojwopoflHocni L„ , TaKoB, hto npa 

L < Z* HeOflHOpOIHOCTB 3HaH5irejI£HO (b HeCKOJIBKO pa3) H3MS— 
HH6T jyraHy caMO$OKycHpoBKH Zj . HanpKMep, jyw 6 > 2 xa- 
paKTepHHM Macmraci HeoaHopoaHOCTH L+ HaxojmTCH H3 ypaBHeroiH 
Y,(i) = (i * 0,56 ) • npn npo$mie e 0 (z) , cSan3KOM 

k JiHHeftHOMy, HMeeM oueHKy Z. # — ( l 0 E f ,N'/4E m ) . B 

3 Tom cjiyaae jyia L * Z*. , KaK cjieayeT H3 pe3yjn>TaT0B paOoTH 

I 8 ] , aSHHa CaMO$OKyC0pOBK!I KOHJIHMHpOBaHHOrO EtyHKa COKpamaeT - 
ch b SBa pas a. OqeBHaHO, hto c poctom HanajiBHoit pacxoaHMOcra 
nyroa JL 0 /dz xapaxTepHirfi Macmra 6 HeoaHopoaHocTH TaK- 

se yBeaHTOBaeTca. JUh aaaaHHoft nepenam maJieKTpxnec- 

koB npoHHiiaeMOCTH £ 0 (z) Ha paccTonrara L Kjwxme HeojiHO- 
poaHOCTH chjh>h66 npa <5cuiee npyTHx npocEsumx £ e {x) okojio hjio- 

CKOCTH HHX 6 KQHH. 

B odmeM cjiyaae npoH 3 BOJiBHOft CTeneimoft HejnmeflHocTH 
£ T (Al) = £,&) * (A C /6^) S A t OTjmaaEKjefiCH ot Ky 6 naecK 0 ft 
(je> / /J , BMecTO (2.1) H3 (1.4) nojiyaHM cjeayramee ypaBHemie 


/H£// ‘A ■ (2 - 4) 

rae f> > 0 . C noMoajBB noacranoBKH 

W ■ F ru(%f ■ 4 : ‘ <2 - 5 > 

ypaBHeHHe (2.4) npHBOflKTCfl k Bany 


<: = 


/g 
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=ltfF 3 ' (2>6) 

we <P = sj^lnNz • - m 3 $opMyji (2.5), (2.6) ojieayeT, hto 

npn npodimie jma.'ieKTpHqecKoK npommaeMOCTH b HeoBHopoflHofi cpe^e 

*•(*) = K (i * *) ^ , (2.7) 


ypaBHeHHe ( 2 . 6 ) ojhh pa3 HHTerpzpyeTca 

1 2 


Gif-m- # vf f- 1 . «•« 

3jiecB £ = const . HariBHeftmee zccJieaoEaHze ( 2 . 8 ) swieMeHTapHO . 
OTMeTHM JIHIIIB , HTO npil yS <■ 1 Z flOCTaTOMHO dCWIBIUOft jyiHHe Heofl- 
HOpOflHOCTH 


B03MosteH pejsHM BcwiHOBojoiHoro pacnpocTpaHemiH c F=const , Korfla 
pajpiyc BCWHOEO^a n3MeHaercH mohotohho, b coorBeTCTBzz c $opMyjra- 
mh (2.5), (2,7). Kpowie Toro, b CJiyiae /* < 1 z Manoft jynmu 
HeOJCHOpOOTOCTH ^ < -m.n BIUiaH OT HeOflHOpOflHOCTH B IIOTeH- 
uzaji Hejimetooro ocpzJuiHTopa (2.8) HacTOJibKO BejmK, hto kojuih- 
MHpoBaHHtrit nyaoK He caMoftoKycupyeTCa. OopMyjiy (2.9) moxho nepe- 
nucaTB b BHHe nopora croi3y na aMiuiHTyay caMO$OKyczpyiomerocH boji- 
Boro ny^Ka, a ZMemio: kojuihmh pc>E an.H aii nyaoK caMO^oKyczpyeTca, 
ecjra b iuiockocth HHaeraiZH HejiraietoaH zacTB Bjia^eKTpuaecKOfi npo- 
HzuaeMOCTH yaoB^eTBopaeT ycJiOEHE 



B cjiyzae BOJiHOBoro nynKa c 3JunamHecKoE $opMOft ceneHna ■ z 
CTeneHHOii HejniHetaocTii e z = ejx) * ( A c /e p ) 2/i c,ne- 

jiaeM b ypaBHeHHHX (1.9) noacTaHOBKy fpxi) 




rzie R 0 = Vaf -<■ 6* , 

( 1 . 9 ) npeodpa3yeTca k rimy 


'2 

a S 


Nfx ) 1 

onpejiejieHo Ebime. B pesyaBTaTe 



+ _fi_ {£.)* I /I f 

(l^ F J V/V’ 


(2.10) 



3aeci> BBe,neHH odo3HaaeHna 


a* 

*o 


- sin B e 





CHCTewa ypaBHeHHfi (2.10) yaotaee cHCTetm (2.9), Tajt Kan 

HBOflHOpOflHOCTh BXOOTT dOJiee npOCTHM HyTeM ^epe3 $yHKUHB £-(£) 

npsneu H3 (2.10) bjmho, tto cynjecTByeT jwacc npo^iwefl neomopoa- 
hoctii, 3aaaBaeMofl ytyiOBHeM £ = const , norna 3anaaa MoxeT 
(5 utb cBejjeHa k pemeHHB ypasHemtH nepBoro nopmoca. ifeftcTBHTejn>HO, 
b 3Tom cjiynae cacTeMa ypaBHeim8 (2.10) meet Hmerpan 



(2. II) 


Kan bhkho H3 (2.II) HeoflHopojoCHOCTB cpeflH bxoott aepe3 noTea- 
QHaji Gff/sin 3 8 0 * -f/cos z 8 0 ) . BBeaeM <J>yHKm«o 

/•m - e™% - >£*-*'« - (§/(&/'. 

HeTpyflHO noKa3aTB, hto ona noOTHHaeTca ypaBHeHH® 

, (2.12) 

c HaaanBHHMH flaHHHMH yO, = y h fo^2U 0 (tfR/di)*2sJ$ 0 (df/ J /di) 
npn Z°C a O • Hmerpapya (2.12) HaxoflKM $yHKunro &(£) h 
no one noacTanoBKH b (2. II) npuxojpiM k cjiesymjeMy ypaBHennio nep- 
Boro nopamca ana yraoBoa nepeMeHHoft ' 




E„ f Hn8o cds 8 C -jP _ 
E r J tin Q cos B ■> 6 


KOTopoe mokho npoHHrerpupoBaTB iHCJieHHo. HaaaJitHHe flarame k 
ypaBHeHHD (2.13) hmbdt bha: Q-8 0 h dB/djl ° /^S c Q>s^ J < 

X d(a/6)/dz npH J? = £ - 0 . B cjiyaae npo$H- 

i in noKa3aTejia nponoiuieHEH 



BxoMm&q b ypaEHesae (2.13) $ynxitHH &{£) onpeneaaeTca Bupase- 
HK6M 


R 2 _ i ^ (±E?) ) 

/?/ - / M) ^ /s * 


r«e a- 






3. BMCJIEKH02 MCCJHaOBAHME CMlOSOKyCI'IPOBM BOJIHOBOIO 

nyqKA b HEojmopojiHoi'! cpias 

PaBBXTafj MO^eJiB y^mraaeT pa? $ii3KHecRitx $aKX-opoB, xapaKTe- 
pusyeMLK pe 3 KO oTJiwqarac(HMHca aapaweTpaj,®. Tan annua HeoflHopofl- 
hocte, nmpKKa nyqxa k jyraKa bojihh MoryT OTjmqaTBCH Ha jcsa h 
bojree nopanKOB Be-TOHinm, Taiace yMetrbiaaeTCH b o&iacra cboKyca 60 - 
jiee hgm Ha jxsa n optica xapaKrepHirif MacmraCS H3MeHerow iyHxiBJS 
u ft) , £ z it) . MaxeMaTHaecKHe MOfleJiH, oTpaKaKxijxe noaoCnue 
ocodeHHOcin peajr.aHHx $H3nqecKJix nponeccoB. cdirano coaepaaT chc- 
xeMH xecTRiix jSH$$ e p e hot ant h hx ypasHesHii . CBOfiCTBa secT- 

KOCTH He^TOHeiblbK ypaBHeHHit CHCTeMH (1.6) <5ltfIO npHHHTO bo biizme- 
Hze npa Ewdope kohghho— pa3HocTHoro M 6 TO.ua pemeraia. iuw HHTerpH- 
pOBaHHH (1.6) C COOTBeTCTByBOHIiffl HaHaJIBHHMH JiaHHliMK KCnaJIB30Ba- 
Ha MeTOjp'rta Papa [^® » c 3$$8 Ktjibhhm aBTOMaTHnecKHM BbiCSopow ma— 
ra KHTerpapoBaHHH h nopajxKa weToaa. JlaHHHfl pudop zaji bosmoshoctj 
KoppeKTHoro HcaneflOBanHS o 0 pa 3 OBaKxa MHoro$OKycHo 8 CTpyKTypa 
BO.raoBoro nyana b HeojTHopoaKoa cpeae . MMeex SHaaeHEe a to, hto 
b OT.niqjie ot hbhhx pa?HOCTHi£x cxeM PyHre-KyTTH, ilpaMca h Oonee 
bhcokhx cTeiieaft, c noMoar&io MeTOflzra Papa yaaeTCH 3 HaqETe.ra.K 0 
COKpaTHTB BpeMH cqeia. 

npoBeaew pe3yjn>Ta-Tu ’-oioJisEHoro aKcnepiaieHTa. MccjieaoBa^apB 
caifopoKycHpoEKa mnpoKoro BOjTHOBorc nyqna L„ » % b cna- 
(3oHeoflHopoBHo8 cpeae L » L 0 c flocTaTOHHO t/aJixu 3aTyxaHneM 
ae t L « 1 . B naaecTBe ocnoBHoro BapnaKra 6 anz b 3 hth oro- 

ayffifijHe 3HaqeHHH napaMeTpoB 
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*/#•/» 3 -0,01-, 0C 3 =(y. f~ 0,01 ; a 4 *£>=0,1; 

r* *-■0 L. 

Po ~ 1 > 

T.e. S { = IO -3 , l 0 =10 A, L =100 A . ILiockocth mxexmz coot- 
BeTCTByeT t = 0, nosepxHOCTH OTceHKH t = 10. CiiejxcBaTeJiBHO, 06 
jiacTB npo 3 pa^HocTn jsm Bara m&! 0 & aiflMKTr® pacncuxoseKa b caroe 

O i t £ 10 . 0TM6TEM, HTO B JJEHHOM CJiyHae nDOCBSTJieKHQ He- 
oflHopo^Hog cpejjy 3 a noBepxHocTBta OTcenKH ft >10) HaHHHaeTCH ,c 
ypoBHeg HenaHeSHOCTa OC 4 > 0,02 . 

B .iHHeflHOK TeopzH ko3$$hlch3ht norJiomeHHH (no moujhocth) mo 
CKOfi BOJIHH paB6H = 7 ~ exp /“ / , I\He <} g = £ 

HpE yKasaHHHX Btcne 3 HaaeHHax napat/ieTpoB HMeeM = 0,2 a 
<2 - 0.18. 

Km ocHOBKoro Bapaama pe3yjiBTaTn aHTerpapoBaioiH ypasHeKEfi 
(1.6) npHBe^eKH Ha dec. 2. PaccMOTpaM pac.2a a pac.2c>, Ha ko- 
Topax npeacTaBneau rpa$HKH cooTBeTCTBeimo nojmoft azsjiSKTpHHeG- 
Kot npoinmaeMOCTH £, (7j, mapaHH nyana u (t) , KaK ^ymmaa 

paCCTOHHHH t = Z./l a OT EHOCKOCTH HHHeKUHH KQJDIHMHp0B8HH0— 
ro nyana ( = Q) . Opesfle Bcero bhctm, hto b cornacira c hbe- 
hhm b pacSoTe PJ KpuTepHeM oCpifidj, nepsufi $ 0 Kyc HaxojpiTCH b 
o&iacra JiMHefeoa np 03 paHH 0 CTH t c j) ^ 8.6 ( Z ( fi — 3,6 L o ),S 0 (z r fi) 

— 0,14. Bojr&inoe OTJnme £ r ot S 0 npomvmeTC.H nm E 0 <0,2, 

B $OKajiBHOM nsrae mapHHa nyHKa yMeHBinaeTCfl eighth sa hopheok, 
rmoTHOGTB 3HepnaH aa oca nyana B03pacTaeT nproaepHo b 80 pa3 a 
npoECxojCT npaKTmecKE nonHoe HacBmeraie HejmHefiHOCTSt £ z — I, 
(A 2 / E 2 ) ^ 4 . Mescay nepBHM a btopkm ipoEycaMH mapa- 
Ha nynca aocTaraeT MaKCHMEHBHoro SKa^emm i„ a:x ~ 0 , 6 I l 0 , a 
MHHHMyM OTaxeRTpaaecKoS npoHapaeMOCTH E z pap.eH £„ in — 0,22. 


.4 


BTopoa $OKyc otctoht ot nepBoro Ha paccTOHHaa — 4,2* 

*7 c Zix. , T.e. wiana caMoSoKycapoBKH cocTapjweT npaMepno npe 
rnapaHH nyHKa qT0 noRTBep^naeT aHanaTaaecKae pe3yjn>- 

TaTH pador [ a,i j . IIo «epe npoxosaeHEH b Henpo3paiHyra wm 
bom Majioft amraTyna odnacTB ( E 0 < O ) MaitcaMajn&Haa mapasa 


nyaKa 


, 

*nax 


a jpiaHa cawo^oKycapoBKa BHanane HecKOJEbKO 


0,48 


yMeHBmaeTCH, Hanpawep, 

npa ^ 17,8 4 


/j 7 ~ 3.1 4 


y, — ir,o c 0 , a 3aTeM (nocwie bocbmo- 
ro $OKyca) ohh HanaHasar B03pacTaTB. CaieayeT odparaTB BHHMa- 
hhs Ha CjiejjjtmeQ . Bo-nepB££x, HaHtfcwee ch^bho mapana nyHKa 
yMeHBmaeTCH Hocaie nepBoro $OKyca, hto cooTBeTCTByeT ysasaHHOMy 
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b l^] 3axsaTy nyHKa b pexHM BOJiHOBonnoro pacnpocTpaHeHEH. B 
to He BpeMH MiHHMajUsHan nmpuHa nyHKa, onpenejmEmaa pa3Mep fo- 
KanBHoro nsTaa, apaKra^ecKH nocTOHHHa npH 3KaHHTeJn>H0M HSMeae- 
hzh £ c (jt) . .Bo-BTopax, MHHHManBEoe 3HaHeHHe flHaneKTpaqec- 
Koft nporomaeMOCTii zLffi , nocniraeMoe non u ! fff ux , moho- 
tohho yPasaeT no Mepe irpoxoajseHKa nyaica b cropoHy pocTa / £/£.}[ 
b oPjibcth jiHHe8Hoft Henpo3pa , iHOCTH f£ 0 < 0) . Kaa SyseT bhhho 
BHX e, 3 TO OdCTOHTeXBCTBO HB-ISeTCH 0£H0X II 3 npHHHH eCTeCTBSHHO— 
ro o r paBira e hhh rjiyOHKH npoanKHOBeaHji nyaKa b KenpospaaHyio cpeny 
c yPBBasmefi £fz) . HaKOHeu, $aKTop aacmnsHEa HejnmeSHocTH 
Imax TaKse nocTeneHHo cnaaaeT c poctom / £ 0 fl)f . 

PaccMOTpiai norJiomeHKe sHepniK caMO^OKycnpyraijeroCH bojikoeobo 
nyaKa. IiepeaocHMaa nyaicoM mohjhoctb P( t) paBHa P a W ft) ■ Bpa- 
$hk fyHKHKH W(t) npaBejieH Ha pac.2B. B accaenyeMOM pesuwe 
pacnpocTpaHSHHH bojihoboto n yroa coiviacHO 3Keoua\i pafioru [ I2 j ne- 
JiimelteocTB yMeiainaeT .HKCCimamiK) aneprim nyaxa. fleEcTBHTejiBHO, 
saK bhoto H3 puc . 2b , b cJioe jmHeftHoft np03paqK0cTX O - t -< W 
noMomenae SHepnra nyqKa paBHO 5,4?, hto npHMepHO b tdh pa3a 
MeKBiue pe3yJiBTaTa JiHHeteoii Teopjffi. B CJioe n o fz) < 2,6 n c 
(rne n c KpHTnnecKaa hjiothocti,) norjiomeHHe 3Heprna nocraraeT 
28,5?. Obheko peaJEbHO BCjieHCTBae reHepaipra OTpaseHHofi bojihh 
npomiKHOBeHHe nynKa b oCaacTB Henpo3paHHOC*ni SyneT orpafinaeao 
Ha yposKe n 0 (Zj - 2n c , KOTopouy cooTBeTCTByeT norJtomeHHe 
anepruE npHS.Tii3HTe.iiHo 12,5?, hto aeisHoro mm>we JiHHefeoro pe- 
3yjtbTaTa 18,1?. Ms puc* 2b TaKse cxeflyeT, hto b $0Kan>H0K 
oSJiacTK tcmh noiviomeHHH BHepnni nyaKa npeaeSpeKKMO usa . Maany 
$0Kycaj.m oh nocmraeT MaKcmiyiaa npa i j r ” } ax „ a b cpeEHen 

mohotohho B03pacTaeT b HanpaBJieHHH HBHHeHHii njrHKa SjiaroHapa 
vMeHiffleHHro rpyraiOEO ft ckodoc th eojihobopo naKeTa. npadJEtKeaHo HMe- 
eM PW(t)> — Vi - oCt , rue & ^ 1/55. 

Bhji BbraicJien TaKse napaMSTp BKE V' = 3k s 1 2 sJu 2 jV^/cC 3 , 
rpa$HK KOToporo npitceiieK Ha pac.2r, B hiockocth HuseKKKH 
V' = 300. Kan bejiko H3 pac.2r, cpyHKmM P(t) ocipLumpyeT chk- 
XpOHHO C K3MeHeHHHM1 iHHpiEH nyHKa U ft), nocTeneHHo ySHBaa B 
HanpasieHira pacapocTpasema uyyxa, HaHScuiimafl cnaa P , kek 
h uihphhh nyiKa u ft) , npoKcxojuiT no nepsoro $ 0 Kyca. Tax mx- 
Hy nepEHM h btophi/! $0Kyca>m MaKCHMantHoe 3HaHemie V' , jiocth- 
raeTCH npH uVix H pa®Ho —27 t tjto Soaee aeM Ha 

nopacoK Me hb nj e HanajibHoro 3HaHeHHH. B o&iacTH £ 0 (2) > ~ / 
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napaMeTp 3KE mb hhmbj i8b b $oi;ycax , npinew MKHHMaEbHoe 3HaHesne 
MejweHHO yf.'eHicaeTca ot — 4 so — 3 . Maxos- 


MejweHHO yMeHBEaeTca ot V'„ i „ —4 so V r ^ >/ „ —3 . Maxos- 
wyM V*(t) (Messy $osycaMH) ydHBaeT ropa3SO aneprasHee ot 
V>£L —27 SO -7 npn * -/ . B 06 - 

sacra £ e (x) < - / MHHHMyMS V r npaXOSSITCH Ka MHHHMyMH 
£ t (t) . 76HBajse V* npsBossT k pocTy 3$$eKTKBH0cra rene- 

paniiH bosh, Oerymx b oPparaoM HanpaEsemm. HosTOMy b paccMa?- 
pKBaeMOfi ssosesz EMeKHO 3 Ham?esBHoe cHHssHne BesiruiHH y' sa- 
e? saae b OTcy?CTBHe saccimansK orpaHHaeHHe rsyduHH npoHHKHOBe 
hhh nyaKa b odsacTt Henpo3 paano era . Kas bksho H3 pHc.2r, BHa- 
qase orpaseKse MascHMasBHO b OKpecTHocra $oKasBHtoc naTeH. Oubh- 
kh noKa3HBam\ hto na ypoBHS nepsoro iionyca, rse V — 4- , ot- 


paaeHHe no noTOKy aKeprm nopasKa HecKosBKBx npopeHTOB, T.e. 
eme HeBesHEO. B sasBHefcceM t ~ IS OTpasemie cynjecTBeHHo n bfio 
$OK asBHUx naTeH, npa l — 3 uesOM csesyeT osnsaTB , hto 

b pesysLTaTB iioiepR moothocth H3 nyrea 3 a chct HaKonseHHii 0Tpa~ 
aeHHfi b OKpecTHocTE cpoKycos h odsero creaseHna V naae 
ypoBHH - 5 b odsacra t> 20, peasBHaa rsyOana .'ipohhkhobsehs 
nyHKa b o6sacra Henpospaanocra € a (z) < 0 orpaisraHTCH 
ypoBHets E 0 01 - 1 . 

HeodxOSKMO OTM6THTB, HTO rBHepanJlH OfipaTHHX BOSH npHBOSHT, 
bo— nepBHx , k noTepe mobjhoctm b nyajce npawnx Bam, hto aasuiorua- 
ho sHCcanasstH awepraH, a bo-btophx, o6paTHue boshh 6ysyr 0033 a- 
bbtb Ha npoSase sasseKTpiisecKoS npoHEuaewocTK c r wesKOMacniTaP- 
ayn rpedemey c aZ ~ 7/u„(£). KoppeKTHiifi yae t OTpaateHHH Tps- 
6yeT pemeinw HecTaiinoHapHoa 3asaan. TsaBHoe, hto naze npz vram- 
aecKoft HesuHefiKocTH rayPma npoHHKHOBeHna nyaica b Henpospamya 
odsacTB OKa3HBaeTCa orpanmeHHofl sa c-ieT o6pa30BaHiw oPsacieg 
CHSBHOro OTpaHBHHS BOSH . 

3aBHCHMOCTB Ca«0$OKyCZpOEKH OT 3SZHH HeOSEOpOSHOCTH sccse- 
SOBasaci. HSMeneHHeM napatieTpa oC 4 b ochobhom BapaaHTe . Ha 
pac.3 h pac.4 npKBeseHH pe3ysi>TaTH caeTa b csyaaax cooTEeTCT- 
BeHHO oi 4 = 0,05 (2 = 204 ) h 0,2 ( ^ = 54) flsa 
KOssEMupoBaHHoro nysKa. CpaBHHBas pac.2 h psc.3 f pac.4 spa- 
XOSaM K BHBOSy, HTO C yMOHBIHeHHeM SJIHHH HeOSHOpOSHOCTH L 
nepsHft $OKyc fz^f<X 4 ) ) npn6sKsaeTCH k iisockoctb HHseKnjni : 
zf ( 0,05) — 14 4 ! zf (0,1) - 8,6 4 ; if (0,2)* 

* 5,6 4 • n P a S0CT3T0HH0 POSKOHX L (<* 4 = 0,05) OTHeTSHBO 
bhsho SH$paKnsoHHoe pacmtHBaHae BOSHOBoro nyHKa e6shsh hsocko- 
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cth HHseKura (pac.3<5) . HeTpyuHO npoBepuTB, hto ycjiOBae caMO$o- 
KycupoBKH nyaKa b o&otcth npo3paaHOCTa (e 0 > O) cooTBeTCTByeT 
KpHTepiro P 2 ] . 

< > *- 3 l( ji * ji) ; , 

L * L o 

we onTiiMajiiHaH mapaHa nyaKa, mhhhmh 3 zpyionaH napaueTp HeOT- 
He0HOCTH oC i . Hacameraie HejiHHeltHOCTH b $oayce npaKTHaecaa 
nojnioe . C yMeHtmeraeM othhh ojHopoflHOCTH ycSmaeT napawerp 
A"k itZ / l^ ax , npHHHMarajHii 3HaaeHOT oooTBeTCTBeHHo: 

5,3; 4,2; 3,4 (pac.3<5 , pac.4<5). Eonee MejyieHHHM (pac. 3a, pac. 

4a) CTaHOBHTCB cnajarae c paccrosHneM ot mrocaocTa HHse 

105 m, paHbme HaaaHaeT B03pacTaTt , Hanpmaep, b ony- 

aae, =0,2 ^^HaanHaeT yBejnramaTBCH yxe nocjie Bioporo 
$oayca. 

B ofijiacTH 3 a nepBUM $oaycoM, rate ( E x - £„) > £0 ,nnz- 
Ha caMO$OKycHpoBKH nop«ma mupHHU nyaaa b co:totchh c£ I2 J. 

H 3 cpaBHeHHH rpafiHKOB W(t) cjie^yeT, hto c yMeHLinerniew 
flmiHH HeojmopoflHocTH ytiusaeT KaK norjiomeHHe b o&otctb npo3paa- 
hocth. Tax h noiviomeHae bo Bcefl o&nacra pacnpoc TpaHeinw nyaaa. 
Jlajiee c poctom yBeOTaaBaeTCH cnait napaMeTpa BKB nocjie 
npoxosmeHM nepBoro $OKyca: V*mlx (0,05) — 44 , (0,1) 

-27, W mijc (0,2) — 14. OaeBiWHO, hto b cjiyaae = 0,2 (pac. 
4r) npoHHKHOBeme nyaKa b odjiacn. HenpospaaHOCTH orpaHHamaeT- 
gh Ha ypoBHe BToporo JoKyca. 

Btuia paccMOTpeHa 3aEHCHM0CTB caMO$OKycapoBKa ot xapaKTep- 
Hoft jvihhh booth A nyTeM H3MSH6H2H napaMeTpa ai 3 = ( A/ t 0 ) z 
b ochobhom sapaaHTe . JDw cjiyaaeB d 3 = 0,005 a oC } = 0,02 rpa- 
$hkh S x ,tJ r W; y npzBefleHH Ha pac. 5 h phc. 6. CpaBHHBaa ' 
pac. 5, pac. 2 a pac. 6 bhotm, aTO c yMeHtmenaeM d 3 , nepBHfl $ 0 - 
ayc Zf(# 3 ) ,npa<3OTHaeTca k nJiocKOCTa HKKeKuaa: zty 

(0,005) * 7,8 l„ , *^(0,01) = 8,6 1 0 , Jtf (0,02) at 

10 , 54 • C poctom -t HacHnenae HemHetoocTH b $0Kyce CTaHO— 
bhtch HenoOTHM (cm. pac. 6a), £ m m ydimaeT cSucTpee b HanpaB- 

OTHaa ot axe hot nyaaa, a nepenaa V 7 nocjie npoxosjjeHOT nepBO- 
ro $oayca yBeJiaaaBaeTCH (cM.pac.5r a pac.6r ), npaaeM b cxy- 
aae d 3 = 0,02 npoHaKHOBenae nyaaa b ocJotctb Henpo3paaHOCTH 
OTotho orpaHaaaBaTBCH BCJieacTBae OTpaxeHOT npaMepao Ha ypoBHe 
BToporo $oayca ( £ a = -0,4). JJot $aacapoBaHHoro napaMeTpa 
naccananan d z c poctom c£ } norjiomeHHe BHepraa Ha 3aaaH- 
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hom paccTOHHHH yBejmqHBaeTcn, Tax KaK b cpejpeM 6 Z Memme 
npa fianBimix . HanpHMep, B3HB t = 14 mseeM d u (0,005) — 
0,085, a Q u (0,02) — 0,134, KpoMe Toro c poctom aC 3 ysejm- 
TOBaeTCH flE$paKHHOHHoe pacmiHBaHHe b OKpecTHOcra iwockocth hh- 
xeicmm. 

BjiHHHHe mccmaum zccnenoEanocB nyTeM H3M6H6HHH b ochobhom 
B apaaHTe napaMeTpa <X 2 ( L/ft )/ £ t . Pe3yjn>TaTH cqeTa jvm 3Haqe- 

hh2 oC z = 0,005 h o? 2 = 0,05 npEBe^sEH cooTBeTCTBeHHO Ha pic. 
7 h pac.8. CpaBHHBan pac.7, pic. 2 z pzo.8 na&yqaeia, hto c 
Poctom oC 2 nojioseHue $OKycoB h jumna C8M0$oKycnpoBKH hohth 
H e MeHHBDTca. Toubko b wiyqae oC z = 0,05 cHHBHan nnccHnanjw 3aMer 
ho CHHsaeT £ mw , a BCJieacTBHe btoto B03pacTaeT noiviomeHHe 
SHepiro nyqua. B odJiacra £ 0 >0 no mneSHoS reopm Koa $$nna- 
eHT norjioiqeHHH npn = 0,05 panen Q„ — 0,63, a yqeT caMO$o- 
KjrcHpOBKH CHHsaeT ero no BeJDiHHHu 0,3. B cnyqae cmiBHoft hhcch- 
napm ( oC s =0,05) xopomo bubho Henomoe Hacameinie HejnmeflHO- 
CTH B $0KyC6 , XOTH H3M6HHJIOCB OqeHB CJiado, H 38MeTHH 

TeHnsHUHH k najioKycHpoBKe yK8 noc jib TOTBeproro $OKyca, fliw 
= 0, 05 rnyOima npoHHKHOBeHHH nyqxa b oOjiectb Henpo3paqHocTH 
bhhhmo, <5yn6T nopanKa aZ ~ (4+6) l„ , T.e. € a - -0, 5. 

B ochobhom BapnaHTe paccMaTpHBajiocB BJimnnie HaaajiBHofl pacxo- 
OTMOcth nyqKa Ha ero cawo$OKycHpoBKy . PeayjiBTaTH cqeTa juih 
ir a = 0,01; U 0 = 0,1 npHBeneHH aa pac.9 h phc. 10. Hpn B3H- 
tom ypoBHe He jPHe S hoc th npenejiBHaa paoxonwiocTB caMO$OKycHpy»- 
meroca nyqKa nopajpa V ~ <*, — 0,23. JteflcTBHTenBHo, b CJiy- 

qae IT 0 =0,5 cqeT noKaaaji MOHoroHHoe pacmiHBaHHe nyqKa 3a cqeT 
npeodnanaB£nefl para nH$paKUHH h He oOxoshmoc tb yqera orpaxeHHH 
Bcero nyqKa b OKpecTHOCTH noBepxHocTH oTceqKH = 0. CpaBHeme 
Phc.9, phc. 2, pnc.10 npzBOflHT k BHBony, hto c poctom pacxojp- 
mocth W 0 Bjrznsze HeraHeteocra pe3KO oauadraeTCH npn l£-0, 1. 
Tan nepBHfl $OKyc oTonBHraeTCH ot iuiockocth urate Kpm nyqKa, b 
qacTHOCTH, npa =■ 0,f oh pacnonoKeH b o&racTH Henpo3- 

paqHocTH Z'f*a,Il 0 , T.e. S 0 ^ -0,31. IIpH a tom nor- 

JiomeHHe aHeprHH yBSiHqHBaeTCH. HanpHMep, Ha ypoBHe t = 13, 1 L a 
ana V 0 =0,01 HMeeM Qj=- 0,1, a b cnyqae dojinmog pacxonawiocTH 
V 0 =0,1 nonyqaeM Q* 0,33. XapaiwepHO noBeneHHe mzpzHU nyq- 
Ka U (phc.10 6) h napaMeTpa BKE ^ (pHC.IOr) npH pacxo- 
HHMocth U 0 =0,1. Bhhho, hto jyw yuepeHHOft HejiraeteocTH ochob 
hoto BapzaHTa rxydHHa npoHHEHOBeHHH nyqKa b odnacTB Henpo3paq- 
HOCTH CHHXB8TCH C POCTOM lf 0 . B HaCTHOCTH, II pH U 0 =0,1 3a 
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nepBHM $OKycoM wiaBHHM cTaHOBBTcn a$$eKT OTpaateHUH ny^Ka. 

Jins ocHOBHoro Bapaairra npaBe^eM Taase cjiy^afi 6axw&1& asm- 
HefiHOCTH oC i =0,1, npeacTaszieHHHii Ha pac.II. H3 cpaBHemw pac.2 
a pnc.ll bhoto.hto c pocTOM napat®Tpa HejniHeaHocTH norJiomeHaa 
QJoc,) na^aeT. Taic aa ypoBae £ e =0 ameu 0,05) =0,054, 

a Q„ ( 0,1) ~ 0,038. JS&iee npa £ 0 = -I noaynaeM Qj{ 0,05)— 
0,175 a Qv ( 0 , 1 ) 2 : 0,1 . c poctom o’, noBumaBTCfl ' 
a V'm'Jx • Hanpawep, 3a nepBHM $OKycoM: £™„ (0,05) — 0,23 

V-J&W.OS) - 27; zf^ 8,6 l D ,,£^( 0 , 1 )^ 0,41; 
*-Oo,I) ^ 48 ; Z r f* 74 . 

Ha pac.I2 npmefleHiJ rpa$HKH jtHs.’ieKTpane cko 8 npomnaeMocTH 
£ z (t) a iirapHHH nyaica U(t) jpw cjiyaaa MaJioro ypoBHa nejniHeB- 
hocth a wiadofi OT$paKDfffl <^,= 5 - I0“^, <4 =0,01, L 0 = 100/? , 

Z = 100 ^. ^ 

9tot ypoBeHB Heju»ie0HocTH BHme noporoBoro <4 > 2,6 £ a 
nyaoK caM0$OKycapyeTCH okojio noBepxHOcra £ 0 = 0. OnuaKO , Kan 
BHflHO H3 PHC.I2, 3a nepBHM $0KyCOM npOHCXOflHT MOHOTOHHEH cjjOKy- 
cHpoBKa nymca a ducTpo HapyrnatoTca ycJioBHa npaMemiMOCTH Hejm- 
Heiteoro BKB. CjieflonaTeJiBHO , 3a nepBHM $oaycoM nyaoK, pacmiHBa- 
kcb, OTpaxaeTCH, T.e. rjiydana npoHHKHOBe hhh ero b Henpo3panHyra 
odJiacm. Majia, nopa^Ka £ 0 2 : -0,1. Omevm fame, hto b paccMaT 
psreaeMOM cjiyaae noraomeHae aHepraa nyraa dJia3Ko k BejianaHe, 
SaBaeMOft jnraeaHoa Teopaea. 

Uepexon k JBiHeftHoa MHamae nymca hmsbt MecTo npa AOCTaTOHHO 
MaJioM napaMeTpe HeJumeaHOCTH jmdo npa BHdope dojn>mnx BHaneHna 
napaMeTpa na^paKnaa 4 am flaccananra <4 . Ha pac.I3 npea- 
CTaBJieHH pe3yjn>TaTH caeTa b BapaaHTax: 

0,05) ot, =0,05; o', =0,01; oC } =0,1; <4 =0,1 

0,01) OC, = 0,01; < 4 , = 0,01; 4 = 0,05; c 4 = 0,1 

M3 rpa$HKOB xopomo bhjpio, hto b odoax cJiyaaax peaaasyeTCH -na- 
HefiHHa peraiM pacnpocTpaHeHaa BCumoBoro nyaaa. 

Ha pac.I4 npaBe^eHH pe3yjiBTaTH caera b EapaaHTe, cootbct- 
CTByiameM no KJiacca$aKauaa padoTH f^ 2 ] TpeTteMy pescaMy pacnpo- 
CTpaHeHKH caMo$OKycapyiomerocH BOJtHOBoro nyaaa b HeonHopoflHoB 
cpene, Korjta napaMerp nemKeimoc™ oL t = 0,005, mccmamn 
cjiada of, = 0,01, nvaoK mapoKaB 4 = 0,05 a cpena cjiadoHeonHO- 
pojpia a 4 = 1*10 . 

H3 npaBeneHHoro paccMOTpeHan EHTeKaKT cjiejiyiooine bhbo^h. 

I. B HeonHoponHoa cpene npa BBaxeHaa somoBoro nya.ta .b 
CT opoHy ydtreaHHH £ 0 (z) raapaHa nyaaa cymecTBeHHO yMeHtniaeTCH 



20 


nocae npoxo^eHaa nepBoro $oKyca. 

2. IIpii yMepeHHHX HaaajrbHux HejnmelteocTax c pocroM rpajmeHTa 
OTaJieKTpiraecKoft npoHHuaeMOcra £ 0 (z) norjioujeirae BHepnm nyn- 
Ka yMemmaeTOH. 

3. toraa caMajoKycHpoBKH ydraaeT c yMeMbmemieM btohh neoBHo- 
PQBHOCTH L . 

4. C pocTOM BejnnHHH rpaaneHTa BnaJieKTpiraecKoii npomuaeMOCTH 

£ a (i i) yMemmaeTca rjiydma npoHHKHOBeHHH njraca b oCuiacrc. ne- 

npo3paaH0cra £ o <0. 

5. flaxe npa CJiadofi OTCcimaixKH rayduHa npoHHKHOBemiH caMO$o- 
KycHpyraaeroca BOjmoBoro nyHKa b ofijiacTB Henpo3paaHocra orpamne- 
na 3a caeT naBemw napaMeTpa BKB bo ypoBiia, Koraa cymecTBeHHO 
OTpaaerae nyana. 

H3JiOKeHHoe Bmne noKaamaeT, hto yxe npH CTaraaecKoa HejmHeft- 
hocth b ycjiOBiwx npoxoxBeHM nyaica b odJiacTB HenpospaaHOCTH 6jia~ 
roBapn OTpaseHHK) npo$mn> ncumoft BHoJieKrpirqecKoit npommaeMOcin 
£ 7 BOJraceH Ohtb HecTanHOHapHHM. 
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REGION T, FI*FI 



REGION T, U 



Phc .2 ojieci. it Ha scex noose jtyroiHHx pircyHKax nojraan jctajieKTpit- 
HecKan npoHKuaei.toc’n, e T oPosKaneRa FI*Fi . 
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REGION T, FImFI 
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REGION T, FIxFI 



REGION T, U 



Phc.I2 
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FhcJ3 rpajatc BapnaHTa (O.OI) odoaaaaea nyHKrapoM, r«e oa ae 
coBiBAae? o rpa$Hsou (0.06) 
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